Inhibition of G-protein-coupled inward rectifying K+ channels by intracellular acidosis.
G-protein-coupled inward rectification K(+) (GIRK) channels play an important role in modulation of synaptic transmission and cellular excitability. The GIRK channels are regulated by diverse intra- and extracellular signaling molecules. Previously, we have shown that GIRK1/GIRK4 channels are activated by extracellular protons. The channel activation depends on a histidine residue in the M1-H5 linker and may play a role in neurotransmission. Here, we show evidence that the heteromeric GIRK1/GIRK4 channels are inhibited by intracellular acidification. This inhibition was produced by selective decrease in the channel open probability with a modest drop in the single-channel conductance. The inhibition does not seem to require G-proteins as it was seen in two G-protein coupling-defective GIRK mutants and in excised patches in the absence of exogenous G-proteins. Three histidine residues in intracellular domains were critical for the inhibition. Individual mutation of His-64, His-228, or His-352 in GIRK4 abolished or greatly diminished the inhibition in homomeric GIRK4. Mutations of any of these histidine residues in GIRK4 or their counterparts in GIRK1 were sufficient to eliminate the pH(i) sensitivity of the heteromeric GIRK1/GIRK4 channels. Thus, the molecular and biophysical bases for the inhibition of GIRK channels by intracellular protons are illustrated. Because of the inequality of the pH(i) and pH(o) in most cells and their relatively independent controls by cellular versus systemic mechanisms, such pH(i) sensitivity may allow these channels to regulate cellular excitability in certain physiological and pathophysiological conditions when intracellular acidosis occurs.